Objectives:
The RASopathies are a group of syndromes that have in common germline mutations in genes that encode components of the Ras/mitogen-activated protein kinase (MAPK) pathway and have been a focus of study to understand the role of this pathway in development and disease. These syndromes include Noonan syndrome (NS), Noonan syndrome with multiple lentigines (NSML or LEOPARD syndrome), neurofibromatosis type 1 (NF1), Costello syndrome (CS), cardio-facio-cutaneous (CFC) syndrome, neurofibromatosis type 1-like syndrome (NFLS or Legius syndrome) and capillary malformation-arteriovenous malformation syndrome (CM-AVM). These disorders affect multiple systems, including the craniofacial complex. Although the craniofacial features have been well described and can aid in clinical diagnosis, the dental phenotypes have not been analysed in detail for each of the RASopathies. In this review, we summarize the clinical features of the RASopathies, highlighting the reported craniofacial and dental findings.
Methods: Review of the literature.
Results: Each of the RASopathies reviewed, caused by mutations in genes that encode different proteins in the Ras pathway, have unique and overlapping craniofacial and dental characteristics.
Conclusions:
Careful description of craniofacial and dental features of the RASopathies can provide information for dental clinicians treating these individuals and can also give insight into the role of Ras signalling in craniofacial development.
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| INTRODUCTION
The RASopathies are a class of human genetic syndromes caused by germline mutations in genes that encode components of the Ras/ mitogen-activated protein kinase (MAPK) pathway.
1 The Ras pathway is an essential signalling cascade that controls many aspects of cell behaviour, including proliferation, differentiation and survival. Altogether, the RASopathies represent one of the most prevalent groups of developmental malformation syndromes, affecting more than 1 in 1 000 individuals. 3 Although each of the RASopathies is a distinct syndrome caused by mutations at different points in the pathway, these syndromes share many overlapping characteristics, including craniofacial dysmorphology, cardiovascular abnormalities, musculoskeletal anomalies, cutaneous lesions, neurocognitive impairment and increased risk of tumour formation. 4 In the craniofacial complex, each syndrome has common and distinct features, Table 1 ).
| Noonan syndrome (NS)
NS (OMIM 163950) is a relatively common, autosomal dominant inherited disorder with a prevalence between 1:1 000 and 1:2 500 live births. Individuals with NS typically have reduced postnatal growth and short stature, congenital heart defects, including hypertrophic cardiomyopathy (HCM), skeletal anomalies and cognitive deficits. 5, 6 NS is a genetically heterogeneous disorder, and germline mutations in more than 10 genes have been associated with the syndrome. The three genes primarily affected in NS are PTPN11, mutated in ~50% of cases, SOS1 (~10%) and RAF1 (5%-10% Craniofacial features of NS include relative macrocephaly, dis- years. 10, 11 Oral findings in NS individuals, reported in case studies, include micrognathia, high-arched palate, dental malocclusion, impacted teeth and giant cell lesions in the maxilla and mandible. 12 In a cohort of mutation-positive NS subjects (N=20), we noted a normal distribution of class I occlusion and class II malocclusion and increased incidence of open bite (29%; P=.0001) and posterior crossbite (30%;
P=.0001) compared to the general population ( Figure 3A ,B). More severe dental phenotypes have been reported, including a case report of a 13-year-old boy with multiple unerupted permanent teeth, multiple submerged and retained deciduous teeth and supernumerary teeth. 
| Noonan syndrome with multiple lentigines (NSML or LEOPARD syndrome)
NSML (OMIM 151100) is a rare, autosomal dominant genetic disorder that overlaps phenotypically with NS. The prevalence of NSML 
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The distinctive neurofibromas of NF1 can occur in the head and neck region. Although benign, these tumours are expansive and can cause deformities due to involvement of soft tissue and bones of the orbital, cranial and jaw regions; these are typically hemifacial but can also be bilateral. 22 Café-au-lait spots can develop on the scalp and skin of the peri-and intra-orbital, maxillary and mandibular regions.
Intraoral findings include dental irregularities, such as retained deciduous molars and congenitally missing mandibular second molars. There have been reports of hypoplasia of the mandibular body and ramus and abnormal coronoid process and zygomatic arch shape. 23 Mandibular cysts have also been reported, which resulted in mandibular expansion with convex outer contour and increased vertical height. 
| Costello syndrome (CS)
CS (OMIM 218040) is a rare, multiple anomaly syndrome caused by activating, germline mutations in HRAS with severe failure to thrive, growth retardation, dermatologic abnormalities, heart defects, including HCM, musculoskeletal anomalies, intellectual disability and a preposition to malignancies; the prevalence is estimated to be 1:1 290 000. we may modulate these genes and the proteins they encode to treat patients in a more precise method, thus advancing the goal of personalized orthodontics.
